DISSIMILARITY IN OXYGEN CONSUMPTION BETWEEN THE THORACIC AND ABDOMINAL AORTA IN RATS by Christie, R. W. & Dahl, L. K.
DISSIMILARITY  IN  OXYGEN  CONSUMPTION  BETWEEN  THE 
THORACIC  AND  ABDOMINAL  AORTA  IN  RATS* 
BY R. W. CHRISTIE, M.D., A~D L. K. DAHL, M.D. 
(From the Medical Department, Brookka~on National Laboratory, Upton, 
New York) 
(Received for publication, April 9, 1957) 
The predilection in humans to more marked atheroscierosis of the abdominal 
aorta over the descending thoracic aorta has been noted by pathologists for 
many years (1). As part of an investigation of the effects of excessive, prolonged 
sodium ingestion on mammals (2), studies of the respiration of rat aorta were 
undertaken  in  this laboratory.  Surprisingly,  the  rate  of  oxygen uptake  was 
found to be significanty lower in the abdominal aorta than in the corresponding 
thoracic segment. This dissimilarity in oxygen consumption was unrelated  to 
salt intake and  could not be ascribed to  anatomical differences between  the 
two segments; but two additional factors, age and sex, known to be involved in 
atherosclerosis were observed to be related to these respirometric differences. 
This led to the hypothesis that the lower respiratory rate of some blood vessels 
or  vessel  segments  was  related  to  the  preferential  development  of  athero- 
sclerosis at specific sites. 
EXPERrar~.NTAL 
Sprague-Dawley albino rats of both sexes were used tln'oughout the study. From a group 
of a.lmais specifically raised to test the effects of sodium on various life processes, 21 adult 
male animals ranging in weight from 290 to 510 gin. were used. Each animal had been for 
13  to 18 months on one of the three following drinking solutions: demineralized  water,  1 
per cent sodium chloride,  or "I per cent sea water"--the 1 per cent sea water being a  di- 
lution of sea water to a solution in which the sodium chloride concentration was I  per cent. 
In this communication  animals on I  per cent sodium chloride and I  per cent sea water are 
discu~i as a  single group. 
After significant  differences  between abdominal and  thoracic aorta were  found in  the 
adult ~-;m~ls, it became pertinent to determine the reiatio-sh;p of size  (age)  and sex to 
this phenomenon.  Further studies were  therefore made on 32  male and  female animals 
ranging in weight from 103 to 315 gin., which had received tap water as drlnk;ng solution. 
All animals were fed the same basic diet containing 0.2 per cent NaCI. They were allowed 
free  access  to  food  and  drinking  solution  until  sacrificed  by  decapitation.  The  com- 
plete aorta was dissected from just above the aortic valve to the aortic bifurcation; within 
10 minutes from the time of decapitation of the animal the aorta was placed in a dish con- 
taining the nutrient medium--Krebs medium II A  (3)  at room temperature, after which 
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TABLE I 
Calculated Q~(N)  for All A~ta  Segmerd~ 
Body we~ht  Age 
&m.  days 
103  35 
109  " 
118  " 
121  " 
121  " 
122  " 
125 
133  " 
185  95 
185  " 
194  105 
196 
210  130 
221  150 
240  85 
250  " 
250  " 
265  >200 
270  " 
282  300 
285  " 
286  " 
290  " 
290  >400 
293  " 
300  120 
300  " 
306  >400 
315  " 
324 
360  " 
380  " 
396  " 
404  " 
424  " 
424  " 
425  " 
430  " 
440  c¢ 
443  " 
Male  Female 
Hg)  1 per cent NaCI 
Thoracic  Abdominal  Thoracic  Abdominal 
Oz 
5.52  15.25 
13.92  14.93 
15.45  28.25 
20.20  3.12 
9.58  5.36 
15.04  7.40 
19.28  14.26 
12.47  6.97 
11.92  7.88 
11.48  7.37 
10.63 
12.35 
17.93 
3.29 
10.55 
15.05 
13.51 
17.70 
11.85 
H,O 
Thoracic  Abdominal 
o,  o~l  0ol (N)  (N) 
10.61  10.62 
14.14  13.84 
11.73  11.56 
21.15  19.71 
14.58  15.89 
13.30  9.02 
12.54  16.48 
11.48  15.80 
11.99  10.15 
23.22  11.28 
16.25  9.30 
9.04  6.76 
9.52  4.08 
9.52 
10.60  10.24 
11.99  10.30 
12.29  11.09 
9.24 
10.01 
9.72  8.34 
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TABLE I--Co~t2 
Body weight  Age 
gin.  days 
448  >400 
450 
460 
450  " 
464  " 
465  " 
475  " 
480  " 
480 
495  " 
500  " 
510  " 
510  " 
Male 
H~3 
Thoracic  Abdominal 
Ot  Qo: (N)  Qo, (N) 
12.47  7.93 
7.98  6.29 
1 per cent NaCI 
Thoracic  Abdominal 
8.56  7.55 
9.90  10.13 
6.72 
12.13 
8.42 
6.96  6.99 
23.20  3.25 
11.11  3.82 
9.56  5.94 
12.17  10.88 
10.69  6.96 
Female 
FhO 
Thoracic  Abdominal 
Ot  Qo,  Qo, 
The ageindays is derived from age-weight graphsand tables (6). On] r in instances in which 
both abdominal and thoracic aorta respired are data used in Tables H  to IV. 
blood and adventitia were quickly removed by gentle teasing. The aorta was then divided 
into two portions at the approximate level of the diaphragm, and the upper and lower por- 
tions were called the  "thoracic" and  "abdominal" segments, respectively.  Each  tubular 
segment was slit along the long axis and placed separately in a standard Warburg flask con- 
talnlng 3  ml. of the oxygenated nutrient medium. Ordinarily the aortas from three or four 
rats were studied  simultaneously and  the first manometric reading on the entire series of 
flasks was made within 1 hour of the time the first animal was decapitated. Control studies 
indicated that a  lag period of this duration did not affect the measurements. Oxygen con- 
sumption was measured by the direct Warburg technique  (4),  using the previously  men- 
tioned  medium  with  100  per  cent  oxygen  as  the  gas  phase  at  a  constant  temperature 
of 38.1°C.  Carbon dioxide was absorbed by filter paper wick saturated with 0.2  ml. of 2N 
KOH  in the center well. 
After the flasks had been immersed in the constant temperature  bath, a  10 minute pe- 
riod of flushing with oxygen was followed by a  second  10 minute period for temperature 
equilibration prior to  the start  of  the experiment.  Readings were  taken every 6  minutes 
for the first 24 minutes and every 12  minutes thereafter until the end of the experiment 
--ordinarily 72 to  180 minutes after the initial reading. When the respirometric tests had 
been completed,  the contents of  each Warburg flask were  transferred quantitatively to  a 
digestion flask and total nitrogen was determined by the micro Kjddahl technique of Hil- 
ler, Plazin, and Van Slyke (5). Nitrogen contained in the nutrient medium (0.17  mg./3 ml.) 
was subtracted from the total nitrogen values. Oxygen consumption was expressed as the 
microliters of oxygen consumed per milligram of tissue nitrogen, in an atmosphere of  100 
per cent oxygen in 1 hour [Q~(N)]. 
Serial  histological and  histochemical  examinations of  thoracic and  abdominal portions 
of the aorta were carried out on five rats raised on tap water, weighing 65,  165,  305, 395, 360  OXYGEN  CONSUMPTION 0~'  THORACIC AND ABDOMINAL AORTA 
and 520 gin. respectively, the largest 0n~rn0j being 16 months old.  After fixation in 10 per 
cent formalin, all tissue sections  were  stained with hematoxylln and eosin, Verhoeff,  van 
Gieson, periodic scid-Schiff, and acid-mucopolyssccharide  stains. The aortas of these five 
rats, weights of which were  representative of the experimental animals, were used as an 
index of the structural characteristics of the aortas studied by the Warburg t~h.ique. 
n  l  I  I  I  I 
o;:( N) OF THORACIC AND ABDOMINAL 
AORTA  AS A FUNCTION OF BODY WEIGHT 
•  o THOR.AORTA 
•  ABD. AORTA 
o  0 
3O 
25 
0 
20  o• 
0 
0  0 
I5  ~f  o  ~  o  - 
'~'~  o  6  °°  ~oo  ~°%  ~,°  %]  •  0  •  o  ,o  ,  "  o,  °/ 
5  o  •  • 
•  o  "  tl- ]| 
o  I  I  I  I 
I00  200  300  400  500 
BODY WEIGHT IN groins 
FIG.  1 
TABLE H 
Comparison of O0:(N) of Aorta Segments by Sex and Weight of Animal 
wB~ll~  t  No. of 
znim~l- 
i'm. 
103-133  4 
185--249  3 
250--315  0 
316--510  20 
Male  Female 
Thoracic 
Oo°: 
13.77 
14.53 
11.78  4- 4.27 
Abdomhud  Qo: 
15.39 
9.01 
7.19  4-  1.94 
No. of 
animal- 
4 
6 
8 
0 
Thoracic 
Oo°: 
14.41 
14.51 
11.25  .4- 2.32 
Abdominal 
(?~ (N) 
13.93 
13.10 
8.45  -4- 2.31 
Salt intake is disregarded in this comparison.  0°](N) for thoracic and abdominal aortas 
differ significantly in male 316 to 510 gin. rats (p < <  0.01) and female 250 to 315 gln. rats 
(p <  0.01). No calculations were made for the other groups because of the small numbers in 
es.ch. 
RESULTS 
Table I  s.mmarizes the results of  53  experiments. It will be noted that in 
26 of 29 animals over 200 days of age the abdominal aorta respired less actively 
than the thoracic. This is graphically represented in Fig. 1. In six animals one 
of  the  aortic  segments  failed  to  respire  for  unknown  (probably  technical) 1~.  W.  CHP~ISTIE AND L.  K.  DAHL  361 
reasons; the data on these single pieces have been included in this table although 
they have not been used in the subsequent calculations. 
Table II shows average values grouped by sex and body weight. It was found 
• that  the thoracic and abdominal aortas respired at approximately the same 
rate in the smaller--and younger--animals, but as the animals became heavier 
--and older--the respiratory rates of both segments of the aorta decreased, the 
decrease being more rapid in the abdominal segment. In the females of the 250 
&O 
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to 315 gin. range, the difference in the respiratory rates of the two segments 
was significant (p  <  0.01), as was the difference in the 316 to 510 gin. male 
rats (p << 0.01); because of the small numbers of animals in the other groups 
statistical analyses were not made. The differential effect of aging on the res- 
piration of the two segments is indicated in Fig. 2 by the increasing ratio  of 
thoracic to abdominal Qo°,  ~ (N) with increasing weight. 
The aortas from animals raised on 1 per  cent NaCl  drinking  solution res- 
pired at the same rate as those from control animals of similar weight and sex 
(Table III). As in the normal animals, the abdominal aortas respired at slower 
rates than the thoracic segments. 362  OXYGEN  CONSUMPTION  OF THORACIC  AND  ABDOMINAL  AORTA 
Age, as estimated from growth tables (6), correlated inversely with respira- 
tory rates. Although the number of animals in any age group was small the 
evidence  suggests  (a)  that with increasing  age the respiration of abdominal 
aorta falls more sharply than that of the thoracic segment, and (b) that males 
show the difference at an earlier age and to a somewhat more pronounced degree 
(Table IV). 
TABLE III 
Comparison of Aorta Segments of Adult Male Rats by Salt and Demlneralized Water Intake 
Demineralized  H~)  1 per cent NaCI Hd:) 
Body  Mean  No, of  Thoracic  Abdominal 
weight  weight  malsani" Qo,°*  (N)  OOi (N) 
gm  •  gm. 
380-510  442  5  11.26  7.29 
-4-4.12  =l::1.87 
wB°dYteigh  Mean  No. of  ThoraCiCo, 
weight  animals QOs (N) 
gm.  gm. 
290-510  433  16  11.70 
~4.50 
Abdominal 
7.16 
+2.04 
Comparison of Q°|(N) of like segments of the aorta from control and salt animals reveals 
no difference;  Q°I(N)  for thoracic and abdominal aorta differ significantly in control rats 
(p < <  0.01) and salts rats (p <  0.01) 
TABLE IV 
The Effect of Animal Age on Respiration of Aorta Segments 
Male  Female 
No. of  Thoracic  Abdominal 
days 
35  4  13.77  15.39 
80-150  5  14.63  9.32 
200-540  5  11.26  7.29 
No. of  Thoracic  Abdominal 
Age  animals  Qo, ~) 
days 
35  4  14.41  13.93 
80-150  6  14.38  12.94 
200-540  9  11.25  8.57 
Age is computed from sex-weight tables for this strain (6).  Only animals raised on water 
are compared. A more marked decrease in abdominal Q°](N) occurs in the male rats as they 
age, and the decline occurs earlier. 
These  findings relate to  respiration only.  It must  be  emphasized  that  no 
atherosclerotic lesions were  seen  in  the  gross  or  on  study  of  serial sections 
from  the  thoracic and  abdominal aortas of five representative animals.  1 No 
differences in the relative amounts of connective tissue and muscle mass were 
found in the two aortic segments to account for the difference in oxygen utili- 
zation. 
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DISCUSSION 
Although little  work has been published on the respiration  of blood vessels, 
three relevant studies  have been found. Lazovskaya (7)  ~  noted the respiration 
of vessels from young rats to be definitely greater than that of older animals; 
she  suggested  that this might be  correlated with a  decrease  in cytochrome 
oxidase and succinodehydrogenase in aging rats. Briggs, Chernick, and Chaikoff 
(8) measured the oxygen uptake of rat aortas and found rates similar to those 
reported here. For the most part they studied thoracic segments,  but in their 
first experiments they divided the aorta into thoracic and abdominal pieces 
and measured the respiration separately. The abdominal segments respired less 
actively than the corresponding  thoracic portions, but because the number of 
aortas tested was small, the difference did not appear significant. 
Henderson and MacDougall (9) reported the Qo, of arterial tissue in chick 
embryos to be inversely proportional to the age and weight of the animal from 
which it was derived.  They were able to correlate  this decline in oxygen con- 
sumption per unit weight of aorta with a rise in the amount of connective tissue, 
as estimated histologically.  In the current work the histological  and histo- 
chemical examinations of serial sections taken from aortas of five representative 
animals failed to reveal any significant difference in cellular content or amount 
of connective tissue.  It is possible  that more subtle anatomical differences 
might not have been revealed by the methods used,  but  clearly the lower 
respiration of abdominal aorta was not due to simple accumulation of connec- 
tive tissue. 
Arteriosclerosis ordinarily appears with increasing age; similarly the human 
female is less susceptible  to it than the male during the reproductive period, 
although thereafter the differences tend to disappear (10). It was therefore of 
interest to find a decrease in oxygen uptake in the rat aorta with increasing age, 
and also to find that this decrease occurred  later in the female rat. It was of 
further note that with a general decline in O~ consumption by the aorta,  the 
abdominal segment usually respired  significantly  more slowly than  the  cor- 
responding  thoracic segment.  Thus three of the  factors  associated  with the 
arteriosclerotic  process--age, sex, and anatomical site of the lesion--appear to 
be correlated  with variation in O~ consumption. 
SUMMARY 
Measurement of oxygen uptake by thoracic and abdominal segments of rat 
aorta showed significantly lower rates in the abdominal than in the  thoracic 
aorta of adult animals. The evidence suggests that as a rat ages the respiratory 
rate of abdominal aorta falls more sharply than that of the thoracic segment. 
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This result may provide an explanation  for the relatively high incidence of 
atherosclerosis in abdominal aorta. 
BIBLIOGRAPHY 
1. Boyd, W., A Text-Book of Pathology, Philadelphia, Lea & Febiger, 5th edition, 
1947, 402. 
2. DaM, L. K., and Love, R. A., Etiological role of sodium chloride intake in essential 
hypertension in humans, J. Am. Med. Assn., 1957, 164, 397. 
3.  Krebs, H. A., Body size and tissue  respiration,  in Metabolism  and Function, 
(D. Nachmansohn, editor), New York, Elsevier Publishing Co., Inc., 1950, 256. 
4.  Umbreit, W. W., Bun-is, R. H., and Stauffer, J. F., Manometric Techniques and 
Tissue Metabolism,  Minneapolis, Burgess Publishing  Co., 2nd edition,  1949. 
5. Hiller, A., Plazin, J., and Van Slyke, D. D., A study of conditions for Kjeldahl 
determinations of nitrogen in proteins, J. Biol. Chem., 1948, 176, 1401. 
6. Heston, W. E., Jay, G. E., Jr., Kannitz, H., Morris, H. P., Nelson, J. B., Poiley, 
S. M., Slanetz, C. A, Zucker, L. M. and Zucker, T. F., Rat Quality. A Con- 
sideration  of Heredi'ty, Diet and Disease, New York,  The National Vitamin 
Foundation, Inc., 1953, 91. 
7. Lazovskaya, L. N., Change in respiration  of blood vessels with age, Biokhimiya, 
1943, 8, 171. 
8.  Briggs, F. N., Chemic.k, S., and Chaikoff, I. L., The metabolism of arterial tissue. 
I. Respiration of rat thoracic aorta, J. Biol. Chem., 1949, 179, 103. 
9. Henderson, A. E., and MacDougall, J. D. B., The respiration  of arterial tissue, 
Biochem. J., 1956, 62, 517. 
10. Katz, L. N., and Stamler, J., Experimental  Atherosclerosis, Springfield, Illinois, 
Charles C. Thomas, 1953, 66. 